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osting by EAbstract The purpose of this Teaching Atlas is to provide the reader with both image recognition
and an understanding of the basis for myocardial perfusion single photon computed tomography
(SPECT) images interpretation. The objective is to present a wide variety of myocardial perfusion
cases, both relevant and to some extent in-depth, to be used by nuclear cardiologist/nuclear med-
icine physicians as well as trainees in cardiology, radiology and nuclear medicine. In recent years,
the ﬁeld of nuclear cardiology has made major advances in both radiopharmaceuticals and instru-
mentation. Attenuation correction techniques have and will continue to improve the diagnostic
accuracy of myocardial perfusion SPECT. Several attenuation correction aspects are included in
this Atlas.
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
The images were selected from regular daily cases in our labo-
ratory. Typically, the myocardial perfusion SPECT is per-
formed utilizing one of these indications: diagnosis of
coronary artery disease in patients with typically or atypical
chest pain, after myocardial infarction, or before major vascu-m
y. Production and hosting by
Saud University.
lsevierlar surgery for risk stratiﬁcation, after coronary intervention
(e.g. PCI or CABG), and for assessment of myocardial viabil-
ity. Most of the images were acquired using a dedicated dual
head cardiac gamma camera with attenuation correction with
a radioactive source line, but a few cases were acquired using a
dual-head gamma camera without attenuation correction, in
order to overcome attenuation artifacts; in some patients addi-
tional prone imaging was performed (see Figs. 1–19).
2. Imaging protocol
Cardiac stressing: graded exercise on a treadmill is preferred
over pharmacological testing in patients that are able to
exercise adequately because it provides an assessment of well
validated prognostic markers, e.g. ST segment depression,
anginal symptoms, and heart rate/blood pressure response.
In patients who cannot perform or tolerate adequate exercise,
whose heart rate response may be limited by B-blockers, or
calcium-channel blockers, who have a pacemaker rhythm,
Figure 1 Normal myocardial SPECT (MPS). Mild decreased activity in the basal septum is normal due to thin membranous septum (see
arrows). When stress and rest studies are displayed together, they are interlaced with the stress slices above the rest images to permit easier
comparison. By convention, the top row is short axis (SAX) images of the left ventricle at stress, and the second row is the corresponding
SAX images at rest, going from the apex (on the left) toward the base of the heart (on the right). The next two rows are vertical long axis
images (VLA) at stress and rest, going from the septum to the lateral wall. The bottom two rows are horizontal long axis images (HLA) at
stress and rest, going from the inferior to superior slices. For subsequent MPS studies, the same format and abbreviations have been used.
Figure 2 Normal attenuation correction (AC) MPS. In the AC MPS images the right ventricle is clearly visualized, not to be confused
with right ventricular hypertrophy (see white arrows). The normal apical thinning is more severe in AC images, and sometimes appears as
a true perfusion defect (see red arrows).
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Figure 3 Long membranous/short muscular septum. Selected SAX and HLA MPS images show apparent ﬁxed defects in the base of the
septum extending to a portion of mid septum (see arrows). This is a normal variant and should not be diagnosed as basal septal defect. The
interpreting physician should always view the horizontal long axis to compare the length of the septum to that of the lateral wall to
determine the length of the membranous septum and incorporate this knowledge while interpreting the short axis images.
Figure 4 Apical thinning. Selected VLA and HLA images show a small ﬁxed apical defect (see arrows) representing apical thinning. The
appearance of the LV apex may vary between patients. Such variability may be secondary to the actual anatomic difference or a result
from difference in spatial resolution at the apex at the more mid and basal portion of the LV. ECG gating can assist in differentiating
apical thinning from localized myocardial infarction, on cine images, region of thinning will move and thicken normally, whereas the
localized apical scar should demonstrate decreased thickening and dysynergy.
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Figure 5A Shifting breast attenuation. NAC-MPS images show a large reversible anterior wall perfusion defect that indicates LAD
ischemia (see arrows). Complete normalization of this defect is seen on AC images. Attenuation by the left breast may create artifactual
ﬁxed defects in the anterior wall, lateral, and even the inferior wall of the left ventricle. The severity of the artifact is mostly dependent
upon the thickness of the breast. For this reason, it is preferable to image the breast without a bra in order to minimize the thickness of the
breast. A particularly problematic artifact is one seen with shifting breast attenuation (as shown in this case). To overcome this critical and
common artifact it is recommended to bind or elevate the breast during imaging acquisition, view rotating planar images (see Fig. 5B),
view gated SPECT images, and use attenuation correction programs, if it is available (as shown in this case).
Figure 5B Shifting breast attenuation. An anterior oblique projection image demonstrates large breast shadow (see arrow heads). The
severity of breast attenuation artifact correlates with the size of the breast, but also may be seen in women with average-sized breasts of
increased density and in women with prosthetic breasts.
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Figure 6 Inferior wall attenuation artifact: selected stress SAX images show mild inferior wall perfusion defects (see white arrows) that
nearly normalize on rest images. Stress prone imaging shows normal perfusion along the inferior wall (see red arrows); this ﬁnding is
consistent with attention artifact by subdiaphragmatic tissue. Patients with left hemidiaphragmatic elevation may have spurious inferior
wall defects due to focal attenuation. In addition, intense liver, spleen, or bowel activity overlying the inferior wall of LV may mask areas
of decreased perfusion or may paradoxically produce an inferior wall defect. Reviewing the raw data (i.e. rotating display of frames in a
cine loop format, regional wall motion data available on gated SPECT) often allows for differentiation between true, ﬁxed defect, and
attention artifact. Prone imaging is sometimes very helpful in selected cases (such as in this case), also attenuation correction methods can
improve speciﬁcity of SPECT imaging by eliminating or minimizing soft tissue attenuation artifact.
Figure 7A Motion artifact. Selected NAC and AC SAX images show a markedly abnormal and distorted LV shape on stress images, the
study was not diagnostic due to severe uncorrected patient motion during stress images acquisition. Patient motion is a signiﬁcant cause of
artifactual MPS defects, and the appearance of the scan artifact depends on the direction and degree of motion and whether it is gradual or
abrupt. The recognition of this artifact relies on viewing the rotating planar images or image sinogram (see Fig. 7B). Computer correction
algorithm may be used to correct motion artifacts in some cases; however, these severe motion artifacts may make the examination non-
diagnostic and require repeating the study, or other treatment modalities may be used (e.g. such as CT angiography to exclude CAD).
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Figure 7B Motion artifact. Sinogram is a very helpful tool in evaluating the patient for motion artifact. This image is generated by
displaying one line of data, typically from center, from each acquired planar projection image. With no motion, this image should be a
sinusoid with no discontinuities. However, the sinogram of this patient shows several discontinuities at the mid and upper portions,
indicating movement of the patient.
Figure 8 Attenuation correction induced artifact. Rest, stress NAC, and stress AC images are normal, but there are apparent perfusion
defects in the anterior, lateral, and septal defect on rest AC images due to attenuation overcorrection. Although such methods of
attenuation correction are designed to remove imaging artifacts, they may introduce imaging artifacts and cause incorrect interpretation.
Artifacts created by attenuation correction are undercorrection, overcorrection, misregistration, and truncation artifacts. Interpreting
physicians who use attention correction (i.e. transmission based attenuation map (SPECT-CT) or line source attenuation map) and must
be familiar with these relatively new artifacts. The American Society of Nuclear Cardiology (ASNC) has published, in their imaging
guidelines, recommendations for quality control of attenuation correction system (please refer to reference Holly et al., 2010).
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Figure 9 MPS in patient with dextrocardia. A defect is erroneously identiﬁed in what is usually the lateral wall, as this is actually the
interventricular septum in this patient (see arrows). There are no true perfusion defects in this study (CT coronary angiography of this
patient was normal). The interpreting physician must be made aware of the dextrocardia to avoid errors in the interpretation of the study.
The altered orientation results in an apparent defect in what is normally the lateral wall. However, in this case that wall is actually the
septum, and the perfusion is normal. This false impression is reiterated in the quantitative analysis, which does not allow for the
dextrocardia, with an apparent lateral wall defect being highlighted.
Figure 10 Left bundle branch block (LBBB). Selected HLA images show a reversible septal perfusion defect (arrows). This patient is
known to have LBBB, and a CT coronary angiography was performed and was normal. Perfusion defects associated with LBBB
frequently spares the apex in patients with normal coronary arteries. It has been proposed that the decrease in septal blood ﬂow is due to
asynchronous relaxation of the septum in patients with LBBB, which is out of phase with diastolic ﬁlling of the remainder of the ventricle,
during which coronary perfusion is maximal. It has been reported that the septal artifact associated with LBBB can be minimized by
substituting pharmacological stress with dipyridamole or adenosine for exercise, since these agents have only slight chronotropic effect.
However, it should be cautioned that patients undergoing pharmacological stress with either dipyridamole or adenosine occasionally have
a high resting heart rate due to underlying medical conditions, and septal artifacts may nonetheless be expected to occur even with
vasodilator stress agents.
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stress allows for a successful myocardial perfusion. The
radiopharmaceuticals used were mainly Technetium-99m-
Myoview but few cases with Technetium-99m-Sestamibi.
Thallium-201 was not utilized in these cases. Single-day
small-high dose is the preferred protocol, but in some circum-
stances (e.g. obesity or for logistic purposes) 2-day high-dose
imaging protocol was indicated. For acquisition parameters,post-imaging processing was performed as per standards of
the American Society of Nuclear Cardiology (ASNC) and
the Society of Nuclear Medicine (SNM) most recent recom-
mendation (please refer to reference Holly et al., 2010). Strict
compliance with SPECT quality control and standardization
of the protocol are essential for achieving consistent and
accurate results. Important selected references are provided
for further reading.
Figure 11 Left ventricular hypertrophy (LVH). MPS images in patient with LVH show generalized increase in the uptake of myocardial
perfusion radiopharmaceuticals. Additionally, a relative increase in septal wall count density (see arrows) is a common ﬁnding in
hypertensive patients. The relative increase in septal count density may be due to either some degree of selective septal hypertrophy or to
alteration in regional blood ﬂow, or metabolism in hypertensive patients. Interpreting physicians should anticipate lateral wall artifacts in
patients with hypertension or other cause of LVH (i.e. valvular heart disease). Gated SPECT images in patients with LVH without
coronary artery disease, the areas of relatively decreased count density involving the lateral wall-will move and thicken normally and
vigorously. In addition, LVEF is usually overestimated due to poor delineation of end-diastolic and end-systolic borders.
Figure 12 Right ventricular (RV) activity. Stress and rest SAX images show markedly increased RV myocardial uptake (white arrow)
and septal ﬂattening (see red arrow), these ﬁndings indicate right ventricular hypertrophy and increased work load ‘‘strain’’ of the right
ventricle in response to pulmonary vascular resistances, as seen in cases of pulmonary hypertension. RV activity is a common ﬁnding on
immediate post-stress images and is usually less apparent on rest images. The right ventricular activity is commonly seen and is more
prominent on attenuation corrected images (see Fig. 2). When RV myocardium activity is evident, any transient RV defect should raise
suspicion of RCA disease.
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Figure 13 Lung metastasis. (A) MPS images show normal radiotracer distribution in rest and stress images. However, there is focal
radiotracer uptake adjacent to the lateral wall (arrows). (B) Coronal images from source data showed 2 foci of radiotracer uptake in the
left lung (arrows) that subsequently were conﬁrmed as lung metastases (L = liver). Incidental scintigraphic detection of mediastinum,
lung, and breast cancer has been described on MPS performed using Thallium-201, Sestamibi, or Tetrofosmin. Other causes of abnormal
mediastinal uptake on myocardial scintigraphy have been reported, including lymphoma, metastatic lymphadenopathy from non-small
cell lung cancer, metastatic seminona, and small cell carcinoma. Physicians who interpret myocardial scintigrams should be made aware of
the causes of non-cardiac uptake so that potentially serious pathologies can be promptly diagnosed and treated accordingly.
Asymptomatic, intrathoracic malignancy may be detected incidentally and early recognition may be life-saving.
Figure 14 Gastric wall hyperactivity. Stress and rest SAX images show normal myocardial perfusion in patient referred with atypical
chest pain. However, the gastric activity was very prominent and adjacent to the heart. In retrospect, the patient was found to have non-
speciﬁc dyspeptic symptoms, but upper endoscopy was not performed. The infrequent pattern of gastric wall hyperactivity seen on the
myocardial perfusion SPECT images could be clinically important and an indirect evidence of gastric disorders. Since a signiﬁcant portion
of chest discomforts are of non-cardiac origin, this incidental ﬁnding can identify a category of patients who require additional diagnostic
gastrointestinal investigation in order to specify another possible non-cardiac origin of their pain (and even the only origin of patient’s
symptoms). Although the clinical role of gastric wall hyperactivity detection is not yet clearly deﬁned, reports of this infrequent accidental
ﬁnding should be part of the report of radionuclide imaging of the heart.
Myocardial perfusion single photon computed tomography: An Atlas 115
Figure 15 Size, or extent of the myocardial perfusion defect. Defect extent may be qualitatively described as small, medium, or large. In
semiquantitative terms, small represents less than 10%, medium represents 10–20%, and large represents greater than or equal to 20% of
the LV myocardium. Alternatively, defect extent may also be estimated as a fraction (i.e. as the ‘‘basal one half’’ or ‘‘apical one-third’’ of a
particular wall), or as extending from the base to the apex (see also comment on the next case). (A) Small size (less than 10% of the LV
myocardium) reversible anteroapical wall perfusion defect (see arrows). (B) Medium size (less than 20% of the LV myocardium) reversible
perfusion defect involving anterior and anterolateral (see arrows). (C) Large size (more than 20%) of the LV myocardium involving
almost the entire LAD distribution (see arrows).
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Figure 16 The severity of the perfusion defect. The perfusion defect in the apical lateral wall is mild (see white arrow), moderate in the mid
lateral wall (see red arrow), and severe in the basal lateral wall (see yellow arrow). Defect severity is typically expressed qualitatively as mild,
moderate, or severe. Mild defects may be identiﬁed by a decrease in counts compared to adjacent activity without the appearance of wall
thinning; moderate defects demonstrate wall thinning, and severe defects are those that approach background activity. Utilizing the semi-
quantitative method of representing the extent and severity at stress and rest has become popular. The heart is divided into 17 segments and
each segment is graded on a ﬁve-point scale from normal (0) to absent (4). The sum of these values is the ‘‘summed stress core’’ and is a
useful index to assess cardiac risk. In a similar manner a summed rest score (SRS) can be generated as well as a summed difference score
(=SSS  SRS). Some studies show that prognostic information reporting using semiquantitative visual analysis by experts may be achieved
by objective quantitative analysis, which may be of particular clinical importance in laboratories with less experienced visual interpreters.
Figure 17B The defect reversibility. Non-reversible or ‘‘Fixed’’ defects. Selected SAX and HLA images clearly demonstrate a large
severe ﬁxed defect involving nearly all LAD distribution (apex, anteroseptal, and anterior wall) and this indicates transmural myocardial
infarction. Minimal reversibility is seen in a small area in the mid and basal anteroseptal and is consistent with per-infarct or ‘‘ﬂanking’’
ischemia; this is commonly seen in this manner. Both lateral wall and septal are diverging (see arrows), and is best seen on gated images,
this pattern is suggestive of apical aneurysm. Also, reviewing the gated images is very important because areas of non-transmural
myocardial infarction usually show no identiﬁable thickening on gated images.
Figure 17A The defect reversibility. Reversible or ‘‘transient’’ defect. Selected AC-SAX images show extensive apical, anteroseptal, and
anterior wall ischemia (see arrows). A reversible defect is virtually synonymous with stress-induced ischemia in patients with coronary
artery disease. The abnormality is identiﬁed on the initial post-stress images as an area of relatively decreased radiopharmaceutical activity
that improves or becomes signiﬁcantly less apparent on the rest images.
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Figure 17C The defect reversibility. Partial reversibility: SAX and VLA images show a partially reversible perfusion defect in the apex
and anteroseptal wall, this usually indicates areas of chronic ischemia (hibernating myocardium); however, prior non-transmural
myocardial infarction cannot be excluded. Also, mild or moderate ﬁxed defect indicates same differential diagnosis, either hibernating
myocardium, or subendocardial scarring. The SPECT images do not provide enough spatial resolution to diagnose subendocardial
infarction. This must be interpreted taking into consideration the following: If the patient is known to have prior MI and the study is
performed for risk stratiﬁcation, this may be interpreted as the ﬁnding suggests or in keeping with known MI. If the study is performed
with technetium labeled agents, a thallium rest-redistribution protocol may be used on a separate day for the determination of viability, or
FDG PET or gadolinium enhanced CMR can be used (whichever is available) for better assessment of the myocardial viability.
Figure 17D The defect reversibility. Reverse redistribution. Selected SAX and VLA images show a mild decreased uptake in the apical
anterior wall on stress images, which demonstrate worsening on rest images (see arrows), this pattern is called reverse redistribution. This
pattern was initially identiﬁed with Thallium-201, but has been reported with Technetium agents as well. The exact mechanism that
produces this pattern and its signiﬁcance is uncertain. However, reverse redistribution has been associated with prior myocardial
infarction, especially after revascularization or thrombolytic therapy, most likely due to residual viable tissue. This ﬁnding does not
indicate stress-induced ischemia.
118 A. Fathala
Figure 18 Coronary artery territory: the last recommendation of the American Heart Association suggests the use of 17-myocardial
segment model for all cardiac imaging modalities. Segmental analysis of myocardial perfusion studies is based on certain assumptions
concerning coronary anatomy. The nearly universal approach is to assign the anterior wall and septum to the LAD (A), the lateral wall to
the LCX (B), and the inferior wall to the RCA (C). However, there is no consensus on the exact borders of each vascular territory. These
differences may be explained by the normal variability of the coronary anatomy. The most frequent variation is the origin of the posterior
descending artery. The RCA is dominant in 70% of hearts. Other terminal branches of the RCA and LCX (called posterolateral branches)
supply a variable amount of the inferior wall. Subsequently, there is a great variability in blood supply to the inferior and lateral walls.
Some studies showed that the most speciﬁc segments (the anterior, anteroseptal, and all apical segments except for the infero-apical)
correspond to the LAD, but no segment can be exclusively attributed to the RCA. The inferoseptal segments can be attributed to the LAD
or RCA, and the inferior and inferolateral segments can be attributed to the RCA or LCX. The mid-anterolateral segment can be
attributed to the LAD or LCX. (D) Multiple vascular territories. Stress–rest SAX and VLA images show a large moderately severe
perfusion defect involving the apex, septum, and anterior wall, consistent with LAD disease (see red arrows). In addition, severe perfusion
defects in the inferior wall (see white arrows) consistent with prior RCA infarction. Multiple vascular territory perfusion defects, high
transient ischemic dilatation ratio (TID), or impaired LVEF of less than 35% indicate high risk myocardial perfusion.
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Fig. 18 (continued)
Figure 19A Assessment of myocardial viability. Rest only SPECT Sestamibi images show nearly normal perfusion, except for small
defects in the apex and distal anterior wall; a ﬁnding that is consistent with viable myocardium and favor good recovery of LV function
after revascularization. This patient was referred for viability assessment after undergoing coronary angiography and showed severe triple
vessel disease. To improve the detection of myocardial viability with Sestamibi, several modiﬁcations of the imaging protocol have been
proposed (i.e. administration of nitrates and quantitative analysis of Sestamibi activity in the ﬁxed defect).
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Figure 19C and D Assessment of myocardial viability. Indeterminate (or partial myocardial scarring versus hibernating myocardium).
The image (C) shows severe ﬁxed defects in the inferior wall indicating prior near transmural inferior wall MI (see white arrows). In
addition, there is large defect of moderate severity involving most of the anterior and lateral walls. The uptake in the septum is relatively
preserved due to asymmetrical septal hypertrophy. On gated images (D) the LV cavity is dilated with severely impaired EF, 25%. This
patient represents a subset of patients that require further viability assessment imaging techniques (i.e. FDG PET or CMR). SPECT will
probably underestimate viability in such patients. Beside improvements in function, a signiﬁcant reduction in heart failure symptoms
occurred more frequently post-revascularization in patients with viable myocardium, as compared to patients without viable myocardium.
Figure 19B Assessment of myocardial viability. Non-viable myocardium. Stress and rest SPECT images show severe ﬁxed defect in
LAD territory. This in keeping with prior transmural MI and no further workup for viability assessment is required in this patient (please
see comment on Fig. 17 for further details).
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